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This invention relates to a methcxl and apparatus for receiving certain radio frequency 
(RF) signals using a phased airay antenna, and in particular to a device and method for 
providing a RF link during any reconfiguration of the phased array antenna. 

A typical wireless RF system uses a transmit antenna (transmitter) and a receive 
antenna (receiver) to su^ort an RF link. In many enviromnrnts, such as mdoors or in 
enclosed outdoor spaces such as sports stadia, the transmitted signal will be reflected 
and m^ Hiercfore reach the receiver via a multitude of different pafhs^ each of 
different paOx length. These so called multipath ojECects can seriously degrade the 
quality of the receiyed signal. 

It is well established in the field of radio communications to use a directional receive 
antenna to reduce multipath effects. However, when a directional receive anteona is 
employed it must be constantly, and accurately, directed towards the tiansmitter« 

An example of the use of a directional receive ant^ma is found in televising events. 
Radio cameras are nsed in Outside Broadcasts (OBs) to pttrvide close in pictures of 
the event being televised. Currently most handheld radio cameras require a directional 
receiver that is rotated so that it is constantly aligned with the transmitter. This 
requirement is generally satisfied by using a standard dish antenna and a person 
(called a panner) who watches where the radio camera gqes and rotates the directionBl 
receive antenna accordingly- The tracking must be precise and proves difficult if 
visibility is poor. In addition, if there is no direct line of sigiht between the receiver and 
the transmitter, the RF link is generally lost. Enmiring the receive antenna is pointed 
oonectly becomes fbrfher conaplicated when the liansmitt^ is moving* 

The use of phased arrays, which are electronically controUable directional transmitter 
or receiver antenna, is well known in the art of RADAR technology. Traditional 
phased array antenna tend to comprise hundreds of elements^ each with individual 
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phase shifters working at the operating frequency of the antenna (often IGHz and 
above). A description of such systems ia given in N. Fourikis, Thaaed Array Based 
Systems Aod Applications', Wiley IntoBdence Publication, 1997, ISBN 0-471- 
01212^Z 

WO97/03367 describes a phased array device that can be produced at a much lower 
cost, and is much smaller in size, tiian the traditional phased array systems. Instead of 
phase ehifting the signals received at each antenna element at the operating frequency, 
the RF signals are down converted to a first and then to a second intennediate 
frequency. During the second down conversion, the phase of the second intonnediate 
frequency signal is changed by controlling the phase of flie corresponding local 
oscillator. As the phase shifting is peiibimed at amuch lower frequency than the RF 
signal, inexpensive devices are available that can provide a hig|i level of phase 
cofftrol. This allows phase shifting to be performed witti greater accuracy therdiy 
enabling the number of elements in a phased array antenna to be reduced These 
antemiBs are thus considerably cheaper to produce than the traditional phased array 
systems. Herein such devices are termed Low Cost (LC) phased array antenna. 

To dxangc ihe directional recdve properties of a phased array aateima requires . 
reconfiguration of the phased array by altering the phase and amplitude shite ^plied 
to the signals received by each of ft© antenna elements. During any such period of 
phased array antrana reconfiguration there is a risk that tfie information being 
received by the phased array anfemxa will be corrupted. 

a is an object of this invaition to use a phased array antenna, in particular an LC 
phased acray antenna, to acquire and track certain types of signal from an RF 
tiansmitter and to receive information from flial transmitter without any substantial 
intemqjtion to that receipt of information arising firam phased array antenna 
reconfiguration. 



PA6E11/3/'RCVDAT9l1SI20l)62:14:18PM [Eastern Daylight Tiine]*SVR:USPTO^ 



09/15/2006 12:59 612-455-3801 



HSML, P.C. 



PAGE 12/37 



WO 02/061970 PCT/CB02;00348 



According to the first aspect of this invention a method of readixig inforraation from a 
transmitter comprises using a phased array antenna wherein adjustment of the phased 
array antenna providing an KF link is performed in a period when the incident signal 
contains no information. 

Advantageously, any tracking of movment of the inddent signal is also peribimed in 
one or more periods when the incident signal contains no infhrmadon. 

The preset invention ibua pennits a phased array antenna to be adjusted, without an 
associated loss of information, whilst it is being used to receive information from a 
transmitter. 

]b a prefmed eimbodiment the received signal is a frequency modulated (FM) 
analogue video signal, of a frequency between 12*2GHz and 12»SGHz, having an 
information carrying portion and a non-information canying portion. 

The use of the present invention for the reception of FM video ^gnals oosuxes that 
there is no diaturbance to ihe received video ixnage during any alteration of the receive 
beam bcmg used to provide the RF link. Furfhemiarei this invention allows any 
changes in the angle of incidence of signals reachixig the phased army anteima to be 
tracked usmg the phased actay antenna without any disturbance to the resultant video 
images. 

Advantageouslyi the phased array antenna cdh simultaneously receive two or more 
incident signals fliereby establishing two or more RF links. Jn a fiirther preferred 
embodimetit^ a Low Cost (LC) phased array antetma is used. 

Convcoiratly, a computer progrHro, which may be beld on an appropriate storage 
medium, can be used to implement the metbod described above. 
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In a second aspect of HAs invention a control ^paratus for a phase anay antenna 
comprises input detection naeans for dietemuniiig fb& direction of incidence of input 
signals and selecting therefiom a pf e fen'e d tiq)ut signal, means for adq[>tmg the phased 
anray antenna to form a receive beam sobstantially in the direction of incidence of &e 
p rc fc xr e d input signal, and tracking means to track any chan^ in the direction of 
incidence of the prefored input signal and to adspt the phased axray antenna 
accordingly to form a receive beam substantKaJly in that direction, wherein ad^tation 
of the phased array by the tracking means occurs substantially during periods in which 
the incident signal contains no informaticm. 

h a prefened embodiment, the tracking means tracks any change in the direction of 
ixMsidenoe of the preferred input beam by conrparing the signal strongth received using 
&e receive beam currently being used to recdve the prcfexfed iapat signal witti the 
strengOi of any signal received by one or more other receive beams. 

Advantageously^ the control apparatus can also comprise two or mote sets of 
beamfbnnjng hardware such that two or more receive beams may be shnultaneousb^ 
fonned allowing two ormoreRFlmktobees^Iished. 

Pteferably, die control apparatus fbrther comprises means for exixacting a signal, 
which may be an FM analogue video sigpial^ 6am the phased aomy antenna. 

The invention will now be described, by way of example only, with reference to the 
accompanying £igurcs wherein; 

Figure 1 shows the principle of operation of a phased away receiver. 

Figure 2 illustrates the axcbitectuie of an LC phased array receiver for tracking an RF 
signal; 

Figure 3 shows a schematic illustration of a typical analogue FM signal. 
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Figime 4 illustrates the reception of si^als^ and 

Figure 5 illustrates the use of a dual beam phased dixay receiver. 

Hie operation of a genial phased array antenna will now be described wifli reference 
to figure 1. 

A phased anay antenna receiver (1) coniprisea n antenna elements (2) which provide 
electtlcal signals (4) derived ficm an incident RF signal (not shown). Phase shifters 
(6) provide a phase shift to the electrical signals (4) producing phase shifted electrical 
signals (8). The phase shifted electrical signala (8) are thm attenuated by an 
attenuation means (9) producing signals tfiat arc both phased shifted and attenuated 
(11). The signals thai are botb phased shifted and attenuated (11) are then combined 
by a combiner (10). 

It is possible to malce the phased anay antenna receiver particularly sensitive to 
radiation incident fiom a certain direction. Ihis is done by controlling both the phase 
stdfi applied to each of electrical si^oals (4), and the relative amplitude weighting 
given to each of the phased shifted electrical signals (S) by the attenuation means (9). 
As described later in detail, there are several techniques of applying phase shifts to the 
electrical signals (4). 

Selecting phase shifts and amplitude wdghtbigs that cause the phased array antenna 
receiver (1) to have directionally dependent RF signal reception properties is termed 
beam forming. For example, figure 1 shows a beam (12) that could be formed by 
applying certain phase shifts and amplitude weightings to the electrical signals (4) that 
are produced by the n antenna elements (2). Alternatively, different phase shifts and 
ampUtudB weightings could be applied to produce another beam (14), 
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A receive beam, also simply termed a beam, is the angular range over which the 
detector is sensitive to incident signals. Jn other words, a receive beam cau be 
considered as a three dixnonsional area in space and the phased array antenna will be 
sensitive to any dignal incident on it fiom that three dimensional area* In reality^ it id 
unlikely that perfect beams would be formed; each receive beam woxdd have 
associated "siddobes". Methods of beamforming and the existence and siqspression of 
Bidebbes (as described for LC syst^ns witti reference to figure 2) me well known to 
persons sbdUed in fte art of phased array RADAJR. 

The principlo of operation of an LC phased anray antenna will now be described with 
reference to figure 2. 

The traditional design philosophy for phased aiiay RADAR systems has been that 
each clenv^t uses an individual phase sbiSer for phase control The phase shifter is 
typically a Monolithic Mtorowave Jhtegrated Ciicnit (MMIC) and is characterised by a 
high cost due to limited production runs and ihe fact that the device has to function at 
the operating fiequency of the antenna (often IGHz and above). The phase shifter is 
controlled by a digital iti^t. Standard devices are 4 bit giving 22.5*^ of phase 
resolution, vt^lst more complex options have 6 bits that provide q^roxixnately 6*^ of 
phase resolution. As a result of this relatively low level of phase control^ in order Sox 
the antenna to be able to scan the beam in 1" or sub-degree steps, hundreds or 
ttioussnds of elements are required. Hence traditional phased anrays have used 
hundreds or thousands of ejq>ensive MMIC phase shifters and consequently have been 
utilised afanost exclusively by the military for large installations. 

It is possible to avoid using individual phase shifters for phase control witliout itie 
need to employ expensive digital beamfonmt^ solutions using the beamforming 
architecture disclosed in WO97/033C7. 

An LC phased airay receiver comprises a plurality of antenna elements (22a, b, c). The 
electrical signal produced by each antenna element when reodving sn RF signal is 
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amplified by low noise amplifiers (24), passes tlirough image reject filters (26) before 
being dowa-converted to a first intermediate fireqaency signal (32) by means of 
micxowave mixers (28). A zni<TOwave local oscillator signal (30) is used by the 
microwave mixers (28) in the down conversion process. The first intannediate 
frequency signals (32) are then fed into the beanuforming hardware (21). 

On enteriiD^ the beamforming hardware (21) the fii^t intermediate frequency signals 
(32) passes through antplifiers (34), and image reject filters (36)» before being down- 
converted to second intermediate fiequency signals (46) by intermediate fliequmcy 
mixers (38). During this second dawn<<^vcrsion process, phase shifts are introduced 
by changmg the phase of the second local oscillator (LO) signals (44a,b,c) using phase 
shifter means (42) and are fheo applied to each of the mtermediate ficqucoc^ mixers 
(38). the phase shift introduced by the phase shifter means (42) b oontiolled by a 
digital control bus (52)^ and pmduces second intermediate fiequency phase shifted 
electrical signals (SOa^,c). 

Because the phase shifter means (42) used to phase shift the second LO signal 
operates at a fiequency much lower than the SJF sigoal^ inexpensive vector modulator 
devices can be used. A person sidlled in the art would be awse of the various types of 
vector modulator device that would be 8uital>le for this purpose, laical vector 
modulator devices^ such as those used io mobile phones, are controlled by low cost 12 
bit digital-to-analoguc converters and provide a very higji level (sub V) of phase 
control. 

The second intermediate fiiequency phase shifled electrical signals (SOa,b,c) are 
combined in the combiner (54). A suitable frequency for the second IF electrical 
signal is 70MHz. After being combined, the resultant signal (55) is split two ways. 
One part is cabled into a power detect modide (56) whilst the other passes through an 
Automatic Gain Control (AGC) module (58). After the AGC modulo, the signa] is 
agaiA aplit two ways. One part is routed as the ou^ut of the antemia (62), whilst the 
other passes through a suitable demodulator or decoder modulo (59)« 
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The output of the power detect module (56) can be used by the microcontcoUer (60) to 
detocmme the beat position to point the receive beam. The mioroconlxoUer (60) also 
controls, over the digital bus (52). the phase shift that is ^Ued to each second local 
oscillator signal (44a,b,c) by the phase shifter means (42), The AOC module (58) 
works to keep the output signal (62) at a constant power level of 4.5dBni without 
conjpromiaing the linearity of the receive chain. The power detect module (56) and the 
AGC module (58) work tadepeodendy of the signal*a modulation, and as a result the 
phased array antenna can acquire and track analogue or digital signals. 

The decoder module (59) demodulates or decodes part of the ou^ signal (62) into 
basdKind componeaits. In Ihe case of FM video, the various components of the video 
can then be measured and may be used to assess the quality of the video signal that is 
being received. It is thus possible for the microcontroller (60) to use a video signal 
quality measmement fiom the decoder module (59) instead ot or as well as, the sigual 
strength measurements provided by the power detect module (56) whc» deciding bow 
to dkect the recdve beams. 

In a device operating in accordance to this invention, a synchronisation signal is 
provided by the decoder module (59) to the microcontroller (60) to indicate when the 
received signal contains no information. The microcontroller (60) only reconfigures 
the phased amy antenna during these periods; herdnafler termed the non-infonnation 
carrying period. 

An example of a signal having a non-infomiation carrying period will now be 
described with reference to figure 3. 

A FM analogue video signal of a given period (63)> typically 2Qmfl, comprises an 
infbimation carrying period (64) of typically IS.Sms and a non-infonnation catiying 
period (65) of approximately l.Sms. The non-informalicn carrying period (65) is 
commonly termed the **fly-back" portion of fbe signaL AU the video information is 
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contained in. the infpiraation cairying period (64), and there will be no perceivable 
interfereiLce to the displayed video image if reconflguratioii of die phased array 
antenna is peribnned dozing the non-infbiiDatLon canying period (65). 

This tecshnique can be applied to any signal, analogue or digital, having a non- 
infonnation canying period. For example, a digital signal could be transmitted that 
contains information for a certain period but is configured to have a non-infotmation 
carrying period. A person stdLled in the art could produce appropriate data buffering 
systems to enauic continuity of the digital output of data. 

The output signal (62) can be touted from tiie phased array to an Antenna OonHoi 
Unit (not shown) via a standard tri-axial cable. This cable can also be used to si^port 
tbe control and telemetry data between the phased anay and the Antenna Control IMt 
(ACU) and profvide a power supply for the aitay. The ACU can be located at a 
ccMivenient position, which maybe remote to the phased array antennia toe]£ 

In thia embodiment the ACU'a fmuBtion ia to provide a suitable iuter&ce which the 
operator can use to control tbe phased airay. However^ a person skilled in the art 
would recoguise that many difGorent methods of routiBg the received signal and 
oGntrol data could be employed (e,g. fibre qptic> low frequency radio data links). In 
addition, the ACU can be fitted with a decoder or demodulator as ^ecified by tbe 
user. These options do not affect the fimdamental principles underlyixig tUs invention 
and are merely workshop variations which would be inunediately apparent to a pmon 
sldlledintheart* 

In order to obtain a discrete set of beams from an LC phased anay^ the phased array 
antenna is calibrated before use. A discrete set of beams (for example +50'' to -50^ in 
1^ steps) can be calibrated for a given operating fiequency or £n: groi^ of frequeacies 
wi&zn a given band. For each beam there is a phase and ainpHtude wd^iting for each 
element of the antenna. The calibration data is stored, and subsequently used to allow 
^ the formation of a given directional beam for a given frequency. Daring calibration 
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fhc absolute phase between each of the calibrated beams can be controlled so that it is 
the sajTiQ value for each beatn< This helps to minitnise phase interfsrcnce whilst 
switchisig beams. 

In addition to performing a calibration at each operating frequency it is also possible 
to perfbim several different calibratioa types. One set implements zero amplitude 
attenuation on each clement. TTois provides maximum gain in the main beam, but (he 
sidelobe levels are not controlled. Conversely, a fully weighted calibration sot 
provide maximum sidebbo suppression ^ich results in a reduction in ttie recdver's 
snsceptibility to multipath effects. The disadvantage of a fully weighted calibration is 
ttiat the algorithms used to synthesise such beams tend to reduce the gaiiDi of die 
antoona. addition to the two calibratiaQ types described here, 1h ore acre a xnnltiplicily 
of calibration options that can be used for a variety of beam patterns. Such calibration 
types are well known to those skiUed in ibe art of phased array RADAR teehnclogy. 

A result of the high levd of phase control provided by Ifae LC system deacribed above 
is that bean^ can be syntheaised and scanned in sub-degree steps firom arrays of very 
few elements (fbr example S or 16 c]e0U^nt8). It is also possible to have modular RF 
fiont end and beatnfintniog circuits. A typical module consists of 8 radiating elements 
complete with sgpeirheterodyne receiver and phase control circuit The modules can 
also be grouped togettier so as to create a Uncar or planar phased array antenna thai 
satisfies die system nsqmremontB. 

For example^ two 8 element modules have been combined to produce a 16 element 
linear phased array antenna. More modules could be combined, for example if a mosre 
directional antenna were requhed. A larger array would have more gain that could 
si^ott an BF liiik from a given transmittw over a longer distance. The 16 element 
axnty will support an RF link wilb a conventional handheld radio caviera over 
distances of tq> to 1km. 
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Tlie acquisition arc ( i.e, lateral angular range over which beams cm be formed) for a 
16 element phased array is ^prof?djaiatcly 100". Scaimiog beyond ±50** is possible but 
at the expense of some degradation in the beam pattern such as increased sidelobe 
levels and a broadening of the main beam. Supporting an RF link over larger angles is 
achievable in several ways- A combination of receivecs can be located so as the 
transmitter is always within the acquisition arc of the network, with handovers 
between airays occulting automatically at Che various boundaries. Alternatively a 
single receiver can be moxmted onto a turntable and the servo driven by control signals 
generated by the array. A third option is to use a curved BF front end instead of a 
linear row. Curved surfioe and ilill cixcular arrays have been developed that provide 
360** of coverage. 

A further advantage of LC phased aorray devices over traditional phased arrays is that 
they work independently of flie operaling frequency of flie antenna. Because the 
beamfomung is performed bA a low intemediate frequency, the BF frequency of the 
antenna is unrestricted. Whatever the operating £requen<^, the RP signal is 
downconverted to the necessary IP and the phase control implemented using the 
second IF mixcr^ This type of detector is Horn totally •modular' in frequency, it can be 
used to receivean KF signal of any frequency. 

For FM video Jink applications, frequencies within the 2GH7 or 120Hz radio camera 
bands are generally used. For example, 12 25MHz channels could be provided 
between 12.21250Hz and ljZ.487SGHz. An LC phased array device can thus be built 
which can track a radio camera transmitting at an allocated l2GHz frequency chaxmel 
with an output of 70MHz, +5dBm (the industry standard). 

It is also possible to include additional sets of faeam&rming hardware in phased anay 
devices. Simultaneous formation of a plurality of receive bcanas is well known to a 
person skilled in the art of phased array RADAR. To simultaneously form multiple 
receive beams using an LC devicej the first intermediate frequency signals (32) are 
divided and supplied to a plurality of sets of beamfoiming hardware (21). Each set of 
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beamfbrming hajndwarB produces output signals from its power detect, AOC, and 
decoder modules. A sixigle micsiioconttoller can then b© used to direct the receive 
beams asBodated vnHtk eadi set of beamforxning hardware. 

The use of a phased amy receiver to acquire and track a transroitted RF sigmal will 
now be described, with reference to figure 4. Although the LC phased array receiver 
described with reference to figure 2 is particulady suitable for implemeating the 
transnutter tracking metihtods described below, a persoa ddlled in the art would 
rccogDise that any phased array recdver could be employed. 

When a signal is transmitted by an onmi-directional transmitter (70) m an enclosed 
environment, such as a sports stadium (72), a plurality of rault^ath RF signals (74a, 
74b, 74c, 74d, 74o) are produced. If an onmi-dircctional receiver w»e used to receive 
the transmitted signal the many multi-path signals, all of which are slightly out of 
phase due to travoUing along paths of different length, would all be received 
producing a resultant received signal that has a high level of multi-path interference. 

As shown in figure 4a and as described above, a phased array receiver {76) can be 
used to form a directional receive beam (78) which reduces susceptibility to multi- 
path interference effects. Figure 4b shows the use of a phased array recdver (76) to 
receive a reflected signal (80) from an omni^ectional transmits (70) in flie absence 
of any direct line of si^ path. 

The phased airay receiver system must initially ascertain the angle of inddence of a 
suitable RF signal. This is generally performed by determining ibc direction from 
which the strongest transmitted signal ori^Mles. Alternatively, the aixgle of incidence 
that provides a signal of acceptable strength wifli the lowest level of mulU-palii 
interference (i.e. provides the highest quality signal) could be selected. The strongest, 
or highest quality^ signal may be the line of sight signal, but it may also be a 
reflection. The process of detemiining the angle of inddence of a suitable RF signal 
is herein termed an acquisition scan. 
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For a fbU acquisition scan, a typical LC phased axray of the type described with 
reference to figure 2 can sequentially load a fuU set of beams &om the selected 
calibration set (e.g. Scorn +50** to -50° in 1 ^ steps). For each beatn loaded, the power of 
the lecfeived signal is measured aod the beam that gave the highest readii^ is selected 
as the centre beam for a 'mini-scan'. A mtni-scan ia the same as a full scan but over a 
xnuGih naxTQwer range, and possibly of a higher angular resolutiogtL 

The opnatOT can control the axigalar range over v/bich fte initial scan takes place and 
the ninnber of degrees between each step (1% 2^ etc), or alternatively can chose to 
load a single fixed beam. Usii^ a ^ical LC phased axray of the ^pe described with 
reference to figure 2, acquisition of a sfgnaJ over a 100^ arc takes approximately 0-4 
seconds. Faster rates can be achieved by using a fkster processor. 

The result of die acquisition scan deteimines the axi^e of incidence of the prefared 
RF signal. Once a pre&red signal has been acquired, any change in the angle of 
incidence of the signal on the phased array receiver can be tracked. The initiation of a 
traddng routine can be controlled manually^ or autonudcally executed at the end of 
the acquisition scan. The tracking routine allows for any movemrat of the transmitter, 
jdbased axray receiver or intervening objects. 

Aperson skilled in the art would recognise that there ace several tracking routines that 
may be used An ^cample of a tracking routine is free running dither* In this routine 
the array loads a beam £rst to die left of tihe current position, and then to the right. The 
received signal power of the two dithered beams is measured and the results compared 
with that of the cuxzent centre beam. The beam that ^ves the highest value Ihen 
becomes the centre beam for the next dither routine. However, unless the traddng 
steps are perfimned during a non-information caxxying period of the signal some of ihe 
information contained in the signal will be lost. 

In accordance with this invention^ a controlled dither technique can be used to 
minimise data loss during the tmcking process* In the case of analogue FM video 
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signals, beams arc only loaded during the non-information carrying period of the 
signal. In othw words, reconfiguration of the phased atray is perfonned only when the 
microcontroller (60) receives a frame synchronifiation pulse &om the decoder module 
(59). This ensures that the picture interval of the frame is undistwbod and minimises 
visible picture interference* 

The process of Ixacking a rignal obviously requires more than one reconfiguration of 
the phased array antenna. The speed of reconfiguration of the phased array is 
deterniined by the speed of *e microcontroller (60) and the associated electronics- 
Different types of signal will also have different norhin&rmation carrying periods of 
time. 

For certain signal types and phased array syst^is it may be possible to perform 
suflSdent reconfigurations of ihe phased array antenna during the non-information 
carrying period to perform a tracking routine which loads a beam first to the left of the 
current position, and then to the right of that position and selects which beam is to be 
used to recdve during the next period; i.o- perform a left/iight tracking procedure. 
This would be preferable if the voriafion of the angle of incidence of the signel on the 
phased array antenna was changing rs^idly with time. 

For a typical 66MHz microcontroMer, reconfiguration of ttie phased array takes 
approximately 0.8ms. Following reconfiguration, it takes approximately 3.2ms to 
obtain a measure of sigoal sfarength or quality. The signal strength or quality 
meaaurements can however be performed during die information carrying period of 
the signal without any detrimental effect on the receipt of information. 

An FM video sigioal typically has a 1 .Sms non-infbtmation carrying period. A beam to 
the left of the current position may thus be loaded during one non-information 
carrying period and then a beam to the right of the current position loaded during the 
subsequent non-information canymg period. In this way movement in the angle of 
incidence of signals may be tracked. 
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If a signal had a longer nori-mfoimation canying period, or the spaed of the 
microcontroller was increased, it would be possible to perfbnn the left/right tracking 
piX)cediire^ with associated measui^eDi of signal strength or quality^ duiix^ the non- 
mfonnation oanyii]^ period. 

According to the envirooment the numb^ of beams that make up a traddng routine^ 
as well as the angular separation b^wem each beanci, can be varied. The use of an 
increased number of beams daring the tracking procedure will increase the time 
required for the ttacldng process, and may require a smgle tracking stq> to be 
perfomoed over more than one non-inlbimation carrying period. 

An acquisition scan can also be activated periodically, if the signal stzeogih drops 
bdow a certain threshold or xnanuaUy by an operator of Ihe system. 

When tracking an RF transmitter, the phased an»y lecei ver will generally use the line 
of si^t path to support the BF link. If the line of sight link is lost, the phased axray 
receiver can axitomatically start to scan tihe acquisition arc and locate any reflected 
signals being produced as a result of the operating ^vironment The strongest, or 
hi^est quality^ reflected signal can then be acquired and tracked until the line of si^t 
path becomes available again. In ^s way an KF link can be supported, even when the 
RF transmitter is not line of sight. 

In addition, there may also be some situations when the line of sig^ path may not 
provide the best RF link p^fiymMdice; for example when both multii)ath signals and 
the line of sight signal are incident on the phased array receiver within the receive 
beam* hi this case the phased array antenna can select not to acquire the line of sight 
signal, but instead acquire and track a reflected signal that provides a higher quality 
video image. 



PAGE 24/37'RCVDAT9l1S/20l)6 2:14:18 PM (Eastern I)ayGglitriine]'SVR:USPTO{^^^^ 



09/15/2806 12:59 612-455-3801 



HSML, P.C. 



PAGE 25/37 



WO 02/061970 PCT/GB02/00348 

16 

It should be noted that the system can also be used if the tranflmitter and receiver are 
in fixed positions^ but objects move into the direct line of sight or if objects fix>m 
which the signal is being rejQiected cha3]|ge position. 

As described above with reference to figure 2, a plurality of independent receive 
beams may be formed using an LC phased array device. The use of mailtiple'icceive 
beams to acqniie and track a transmitted signal will now be described with tefiaraice 
to figure 5, 

Figure Sa shows a sin^e phased array receiver (100), simultaneously fonning a first 
receive beam (102) and a second receive beam (104). The first receive beam (102) and 
the second receive beam (104) can independently acquire and track a first transmitter 
(106) and a second traxismitter (108). The first transmitter (106) and the second 
transmitt^ (108) must be transmittipoig at different fi-eqaencies. 

In this configuration, the beams are independently steered and hence support lixdcs to 
trani^ttara operating at diCEetent fiequendes within the system bandwidth, ix this 
way a single antenna array^ with a phiraKty of beam-forming hardwaxe, could be used 
to track a plurality of transmitters. 

Alternatively, two independent beams operating at the same frequency can be used to 
improve tracking. Kguie 5b shows a single phased array receiver (100), forming a 
first receive beam (112) that acquires and tracks one signal (114) transmitted hy 
transmitter (1 10). A second leceive beam (116) then sequ^tially forms beams across 
the acquisition arc searching fbr the optimum receive beam direction for the first 
receive beam (1 12) to adopt. Once an optimum receive direction has been established 
by the second receive beam, tixe first receive beam is directed accordingly. To ensure 
disruption to the RF link is minimised, this redirection of the first receive beam is 
performed during non-iufoimation carrying periods of (he signal. 
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The example given in figure 5b refers to two independetrt bearas^ bat this should not 
be ^eea as lixniting. Que or more beams can be dedicated to supporting RF links, 
whilst one or more additional beams can be contmually scatming ihe acquisition arc 
seaiching £:>r the beam position that wiU provide the best link p^onnances fixr the 
next time slot. To cosur© disruption to the BF link is minimised, any redirection of the 
beams ptoviding an RP link is undertaken duxing non-infonnation oarrymg p^ods of 
the signal. 

to addition to the use of indq)end«al beams fbrmed from a single phase centre as 
described above, the phased array antenna, can be configured so as to produce two or 
moie beams &om separate phase centres; fliis is called beam diversity and is well 
known to those sldUed in the art of phased air^ RADAR. The beam diversity is 
obtained by using a subset of the array elements of the antenna to form beams. For 
example, if a 1 6 clemoat LC array were used, two sets of 8 elements could be used so 
as to fbrm beams ftom two diverse phase centres. 

Figure 5c shows how two independent beams (120 and 122) can be formed fiom two 
phase centres (124 and ITS) on an LC phased array antenna. Bach set of beams 
originating from a phase centre can be conttoUed indqiendently of Ihe other beam 
sets. The beams can be controlled to track a single, or multipla, transmitters in the 
same way as beams originating from a single phase centre as described with reference 
to figures 5b and 5a. A^ain, diwuption to the RF link is minimised by redirecting the 
beams supporting RF finks during non-infarmatL(»i carrying periods of the signal. 

If, as shown in figure 5c, the two beams (120 and 122) both acquire and track a single 
transmitter (128) two separate links with the transmitter arc provided In this case, 
each link with the transmitter will bo susceptible to different multipath intorfeience 
effects because of the different position of each phase centre. The beam providing the 
signal output of the highest quality can thus be selected to provide the BF link. The 
use of diverse beams can hence be used to provide greater resistance to raulti-patb 
effects. 
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Claims 

1 A method of reading information from a tcanstnitter using a phased array 
antenna whercan adjustment of the phased array antenna providing an RF link is 
peifonned in a period when the hicident signal contains no information, 

2 A method of reading information from a transmitter as cledmed in claim 1 
wherein tracking of any movement of the incident signal ia perfinmed in one or more 
periods when the incident signal contains no infonnation* 

3 A method of reading infomiation from a transmitter according to any 
preceding claim wherein the received signal is a frequency modulated (FM) analogue 
video signal having an infi>nnation carrying andnonrinfoimation carrying portioa 

4 A method of reading infiHmation from a transmitter according to claim 3 
wherein the frequency of the transmitted video signal is between l22GSz and 
12.5GHz, 

5 A method of reading infbnnation from a transmitter accotding to any 
preceding claim wherem the phased array antcroia can simultaneously receive two or 
more incident signals thereby establishmg two or more RF Bnks. 

6 A mefliod of reading infmnation from a transmitter according to any 
preceding claim wherem a Low Cost (LC) phased array antenna is used. 

7 A method of reading infonmation from a transmitter as substantially 
herembefbre described with re&roice to figures 2-5. 

8 A computer program for controlling a phased array receiver incorporating the 
method of any preceding claim. 
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9 A storage medivro holding a computer program according to claim 8. 

10 A conlrol apparatus for a phased array antenna configured so as to inclement 
the method claimed in claims 1 to 7. 

11 A control appatatus for a phase an^ antenna comprising 

input detection means for delmzmiing the direction of incidence of input signals and 
selecting di^efiom a preferred input signal; 

means for adapting the idiased axray axxt^cma to form a receive beam substantially in 
flie direction of incidence of tbue prefeired input signal; and 

tracking means to trabk any cbange in the direction of incidence of the prefened iiq>ut 
signal and to adept (he phased anray antenna accordingly to form a receive beam 
substantially in that directiODp 

wherdn adaptation of the phased anay by the traddng means occms substantially 
during peiiods in which the incidmt signal contains no infoimatloin. 

12 A conctiol apparatus for a phased array antenna as claimed in claim 1 1 wherein 
the tracking means tracks any change in the direction of incidence of the preferred 
input b(58m by comparing the signal strength received using the receive beam oxttrently 
being used to receive the prei&rred input signal with the strengttx of any signal 
received by one or more other receive beams. 

13 A control apparatus for a phased array antenna as claimed in claim 11 or 12 
wherein, the phased array antenna con5>rises two or nM>re sets of beamfom)ing 
hardware such that two or more receive beams may be simultaneously fomied 
allowing two or more RF links to be established. 
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14 A control s^aratus for aphased array antenna as claimed in any of claima 11- 

13 and further comprising means for extracting a signal from the phased airay 
antenna. 

1 5 A control apparatus for a phased array antenna as claimed in any of clainM 1 1- 

14 wherein the input signal is a FM analogue video signal. 

16 A control apparatus for a phased array antenna as substantially herehibefi)?e 
described with refetenoe to figures 2-5. 
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